Deficient N-methyl-D-aspartate (NMDA) receptor transmission is thought to underlie schizophrenia. An approach for normalizing glutamate neurotransmission by enhancing NMDA receptor transmission is to increase glycine availability by inhibiting the glycine transporter type 1 (GlyT1). This study investigated the relationship between the plasma concentration of the glycine reuptake inhibitor bitopertin (RG1678) and brain GlyT1 occupancy. Healthy male volunteers received up to 175 mg bitopertin once daily, for 10-12 days. Three positron emission tomography scans, preceded by a single intravenous infusion of B30 mCi [
INTRODUCTION
Deficient signaling through the N-methyl-D-aspartate (NMDA) receptor has been hypothesized to be a key factor underlying many signs and symptoms of schizophrenia (Javitt, 2007) . Increasing NMDA receptor function pharmacologically is thought to compensate for hypofunctional receptor signaling and is an attractive approach for the treatment of schizophrenia. Targeting the allosteric glycine site of the NMDA receptor has been proposed as an approach to enhance NMDA receptor functioning and thus normalize glutamate transmission (Javitt, 2009 ). This can be achieved by using glycine agonists and also by preventing synaptic clearance of glycine through the inhibition of the glycine transporter type 1 (GlyT1). Support for this hypothesis is provided by non-clinical and clinical studies with full and partial agonists at the glycine site, and with sarcosine, a naturally occurring inhibitor of GlyT1 (Javitt, 2006) .
A selective and potent glycine reuptake inhibitor (GRI), bitopertin (RG1678, F. Hoffmann-La Roche, Basel, Switzerland, [4-(3-fluoro-5-trifluoromethylpyridin-2-yl)piperazin-1-yl]-[5-methanesulfonyl-2-((S)-2,2,2-trifluoro-1-methylethoxy)phenyl]methanone) (Pinard et al, 2010) , is currently in Phase III of clinical development. Bitopertin has demonstrated efficacy in preclinical assays of decreased NMDA receptor functioning and models of schizophrenia. In addition, it increases cerebrospinal fluid (CSF) glycine levels in a dose-dependent manner (Alberati et al, 2012) . Correspondingly, in a proof-of-mechanism study in healthy volunteers, once-daily oral doses of 3-60 mg bitopertin over 10 days resulted in a dose-dependent increase in glycine levels in CSF of a similar magnitude .
RO5013853 (F. Hoffmann-La Roche, Basel, Switzerland, [5-methanesulfonyl-2-((S)-2,2,2-trifluoro-1-methyl-ethoxy)-phenyl]-[5-(tetrahydro-pyran-4-yl)-1,3-dihydro-isoindol-2-yl]-methanone), a selective and potent GRI that binds at the same site on GlyT1 as bitopertin, constitutes a promising agent for development as a clinical radioligand (Pinard et al, 2011) . Rat autoradiographic studies showed that the distribution of the binding sites of [ 3 H]RO5013853 corresponded to the known distribution of GlyT1 in the brain. Positron emission tomography (PET) in baboons showed rapid brain uptake of [ 11 C]RO5013853, with the highest uptake in brain stem, pons, thalamus, and cerebellum . Scans carried out in healthy volunteers confirmed the ability of [ 11 C]RO5013853 to image regions expressing GlyT1. Test-retest variability for volume of distribution (V T ) was low (o10%), confirming that [
11 C]RO5013853 may be used in occupancy studies (Wong et al, 2011) . The objectives of this study were to assess whether [
11 C]RO5013853 binding in the brain can be displaced by bitopertin and to assess the relationship between bitopertin plasma concentration and brain GlyT1 occupancy at steady state and after bitopertin discontinuation.
MATERIALS AND METHODS

Study Design
This single-center study used an open-label, non-randomized, parallel-group design. The study was conducted in accordance with the Declaration of Helsinki Principles and approved by the Johns Hopkins Medicine Institutional Review Boards (Baltimore, MD, USA) and Chesapeake Research Review (Columbia, USA). Bitopertin (RG1678) was administered orally once daily for 10-12 days, to allow flexibility for scheduling of PET scanning. A first PET scan was performed at baseline (day À 1), a second on the last day of treatment (4-12 h post-dose), and a third 2 days after the last dose. Subjects entered the clinic before the first scan and remained in-house until after the third scan. Subjects received a single intravenous short infusion (B30 s) of [ 11 C]RO5013853 immediately before each scan.
Bitopertin Doses
Subjects initially received 30 or 175 mg bitopertin once daily. The dose of 175 mg was chosen based on the highest dose tested in a multiple ascending-dose study to gain information on the maximum displacement of [ 11 C]RO5013853. The dose of 30 mg was estimated to reach half-maximal GlyT1 occupancy based on occupancy in baboons . Because bitopertin was found to displace [ 11 C]RO5013853, further dose groups (5, 15, and 60 mg) were enrolled to describe the full dose-occupancy relationship. Bitopertin treatment duration was at least 10 days, which is sufficient time to reach steady state in line with the half-life of B2 days. At steady state, the CSF concentration-time profiles were flat and with a constant plasma/CSF ratio between 4 and 12 h post dose .
Safety
Safety assessments were performed regularly and included monitoring of adverse events (AEs), vital signs, electrocardiogram (ECG) parameters, and routine laboratory tests.
Subjects
Healthy male volunteers were enrolled. All subjects were in good physical health as demonstrated by medical history, physical examination, vital signs, ECG, and routine laboratory tests. Subjects were excluded if they had a history of head trauma with prolonged loss of consciousness; a history of migraine headaches or neurologic conditions; implanted or embedded objects that would present a risk during magnetic resonance imaging (MRI); prior exposure to ionizing radiation such that study treatment would result in cumulative exposure exceeding recommended exposure limits. All subjects gave written, informed consent before entry to the study.
Radioligand [
C]RO5013853
[ 11 C]RO5013853 was synthesized as previously described (Pinard et al, 2011) . The injected radioactive dose, percent injected dose (injected tracer dose (mCi)/subject weight (kg)), mass dose and specific activity of all [ 11 C]RO5013853 scans were 29.45 ± 1.38 mCi, 0.381 ± 0.042 mCi/kg, 1.72 ± 0.92 mg, and 11360±6293 mCi/mmol, respectively (mean ±SD, N ¼ 43, excluding subjects with baseline scan only).
Input Function Measurement
An intravenous catheter was inserted into a vein in the antecubital fossa for [ 11 C]RO5013853 injection and an arterial catheter was placed in the radial artery at the contralateral wrist for blood sampling. Arterial blood samples were collected during each PET scan to determine total and metabolite-associated plasma radioactivity as described in Wong et al. (2011) and Hilton et al. (2000) . The free fraction determined by earlier in vitro studies by equilibrium dialysis was 14.0% (SD 1.2).
The percentage of metabolites (ie, the radioactivity originating from metabolites of [ 11 C]RO5013853 over the total radioactivity) over 90 min was calculated by linear interpolation. The metabolite-corrected time-activity curve (TAC) was calculated as input function for compartmental model analysis using plasma input function.
Magnetic Resonance Imaging
Each subject underwent a limited diagnostic brain MRI scan as part of the screening procedures. Imaging was conducted on a GE Trio 3T Signa scanner. Images included a spoiled gradient-recalled (SPGR) acquisition in the steady-state sequence and double-echo (proton density and T2-weighted) sequence. The MRI from SPGR sequence was further used for co-registration with the PET data to enhance anatomical definitions of regions of interest (ROI).
PET Scan Procedures
PET scans were performed as described in Wong et al. (2011) . Briefly, emission PET images were acquired on a GE Advance PET scanner. The 90 min dynamic emission scan acquired in three-dimensional mode started with radioligand injection over 1-2 min. Dynamic images were reconstructed using filtered back-projection with a ramp filter, resulting in a spatial resolution of 5.5 Â 5.5 Â 4.25 mm full-width at half-maximum at the center of the field of view. Data in the decay-corrected, reconstructed, dynamic images were expressed in units of concentration (mCi/cm 3 ).
Image Analysis
The average of 90 min dynamic PET images were used for PET-to-PET registration and MRI-to-PET co-registration using statistical parametric mapping 2 software (Friston, 2002) . The dynamic PET scans following treatment and MRI images were registered to the baseline PET scans for each subject. The ROI including cerebellum, pons, caudate, putamen, thalamus, and orbital frontal, entire prefrontal, superior frontal, occipital, temporal, parietal, cingulate cortices for gray matter, and centrum semiovale for white matter were manually drawn on the co-registered MRI images (Zhou et al, 2007) . The ROI TACs were obtained by applying ROI to dynamic PET images. To enable comparisons between scans and subjects' tracer uptake without kinetic modeling, a semi-quantitative measurement called standardized uptake value (SUV) was calculated for ROI TACs:
ðmCiÞ/bodyweight g ð ÞÞ
Tracer Kinetic Modeling
For compartmental modeling, a two-tissue five-parameter (2T5P) model in series configuration (Supplementary Figure S1 ; Innis et al, 2007) was used to fit the measured ROI TACs. Previous [ 11 C]RO5013853 studies in both baboons and humans have shown that a 2T5P model provides a better fit than a one-tissue three-parameter model. The 2T5P model assumes two tissue compartments for the ligand in the brain with five parameters: K 1 (ml/min/ cm 3 ), the transport rate constant from vascular space to target tissue; k 2 (per min), the efflux rate constant from free plus nonspecific compartment to blood; k 3 (per min), the rate of specific receptor binding; k 4 (per min), the rate of dissociation from receptors; and V P (ml/cm 3 ), the vascular volume in tissue. To reduce the variation of the tracer total distribution volume (V T ) resulting from the estimates of k 4 , a non-linear model fitting algorithm with k 4 was coupled over ROIs for each dynamic PET study (Cunningham et al, 2004; Zhou et al, 2007; Zhou et al, 2010) . V T in tissue (ml/ cm 3 ) was calculated after model fitting as
Once V T was estimated, binding potential (BP ND ; Innis et al, 2007; Koeppe et al, 1991) , an index of tracer-specific binding to receptors, was calculated as: To simplify PET data acquisition and quantification in the future, a simplified reference tissue model (SRTM) of three parameters (R 1 , k 2 , BP ND , R 1 ¼ K 1 /K 1R ) using reference tissue input was evaluated. The SRTM is based on the presence of a region without specific binding of the ligand (reference region; Lammertsma and Hume, 1996; Zhou et al, 2003) , as illustrated in Supplementary Figure S1 . For the compartmental model and SRTM, occupancy (Occ) was calculated as:
Occ ð%Þ ¼ ðBP ND ðbaselineÞ À BP ND ðblockingÞÞÂ 100/BP ND ðbaselineÞ Finally, a pseudoreference tissue model (PRTM; Gunn et al, 2011) was evaluated:
, where Occ 2T5P was occupancy (%) derived by 2T5P and BP ND (reference tissue) estimated by blocking studies using Lassen plots (Cunningham et al, 2010; Wong et al, 2000; Lassen et al, 1995) .
Parametric Image of V T
To evaluate voxel-wise tracer distribution in brain, a relative equilibrium-based graphical analysis with Patlak plot (Patlak et al, 1983; Patlak and Blasberg, 1985; Zhou et al, 2003; Zhou et al, 2009 ) was used to generate parametric V T images. This novel graphic analysis method is a model-independent quantitative approach.
Bitopertin Plasma Concentration
On the days of the second and third PET scans, arterial blood samples were collected pre-scan and post-scan to determine the plasma concentrations of bitopertin. These were measured by a specific and validated liquid chromatography-mass spectrometry or mass spectrometry method.
Bitopertin Plasma Concentration-GlyT1 Occupancy Relationship
For the assessment of the relationship between bitopertin plasma concentration and GlyT1 occupancy, the mean of pre-and post-scan concentrations vs occupancy on the last day of treatment and after discontinuation were applied to a simple E max model:
where E max : maximal occupancy (%), EC 50 : half-maximal concentration (ng/ml), ED 50 : half-maximal dose (mg), C: plasma concentration (ng/ml), and D: dose (mg). The analyses were performed using WinNonlin Professional version 5.2 (Pharsight Corporation, Mountain View, CA).
RESULTS
Subjects
Eighteen healthy male volunteers aged 20-51 years; with a body mass index of 19.5-29.3 kg/m 2 were enrolled. Five subjects were allocated to the 5 mg dose group, four to the PET study of bitopertin in healthy volunteers M Martin-Facklam et al 15 mg group and three each to the 30, 60, and 175 mg groups (Supplementary Table S1 ). Five subjects withdrew prematurely for non-safety reasons. Fifteen subjects (three per dose group) had two evaluable scans, ie, at baseline and on the last day of bitopertin (RG1678) treatment. Thirteen subjects had three evaluable scans, ie, at baseline, under treatment, and after drug discontinuation.
[
C]RO5013853 in Plasma and its Metabolite Ratio
In plasma, the metabolite ratio of [ 11 C]RO5013853 was 22.5±4.8% (14.1-32.4%) and 45.0±5.5% (35.4-57.2%) 30 and 90 min after injection, respectively (mean ± SD (range), N ¼ 40, excluding subjects with baseline scan only). The ratio was comparable before and after bitopertin administration (Supplementary Figure S2) .
The metabolite-corrected [ 11 C]RO5013853 activity in plasma had relatively low variation (Supplementary Figure  S3) . The mean coefficient of variation between 7 and 90 min after injection was 21.0% (range: 19.6-23.4%).
Bitopertin Plasma Concentration
Bitopertin steady-state plasma concentrations (mean of preand post-scan concentrations collected between 5 and 9 h post dose) increased in a dose-proportional manner. Following administration of 5, 15, 30, 60, or 175 mg bitopertin once daily for 10-12 days, plasma concentrations were 66.7±5.2, 146±26.8, 438±47.0, 561±135, and 1628 ± 298 ng/ml, respectively (mean ± SD, N ¼ 3).
Two days after drug discontinuation (between 49 and 57 h after last dose) concentrations decreased to approximately half that of the respective concentrations reported on the last day of treatment, ie, to 32.8 ± 4.4 and 233 ± 50.9 ng/ml after 5 and 30 mg, respectively (mean±SD, N ¼ 3; dose groups with No3 not reported). This is in line with a terminal half-life of B2 days.
Time-Activity Curves
TACs at baseline revealed a rapid initial decline in SUV, followed by a slower elimination phase in areas of high GlyT1 binding (Figure 1) . SUV was highest in pons, thalamus, and cerebellum and lowest in cortical areas.
At steady state of a high bitopertin dose (175 mg once daily), TACs in the regions with high GlyT1 density were comparable with cortical areas, which was in line with a pronounced displacement of [ 
Parameter Estimates Derived by 2T5P Model
At baseline, the transport rate constant from vascular space to target tissue, K 1 , ranged from 0.028 to 0.045 ml/min/cm 3 and was uniform across all brain regions, except white matter where K 1 was B0.019 (Supplementary Table S2 ). K 1 values remained uniform overall across the baseline and blocking scans, and thus were generally unaffected by bitopertin.
At baseline, regional V T values were highest in the pons, thalamus, and cerebellum (1.7-2.7 ml/cm 3 ), intermediate to low in the putamen, caudate, and white matter (B1 ml/cm 3 ), and lowest in cortical areas (B0.8 ml/cm 3 ). V T values were reduced to a homogeneous level following administration of 175 mg bitopertin (Table 1) . As V T was low in superior frontal cortex and exhibited only a small decrease of 0.27 ml/cm 3 after administration of 60 or 175 mg bitopertin, ie, from 0.86±0.05 to 0.59±0.07 ml/cm 3 (mean±SD, N ¼ 5), it was chosen as the reference region.
At baseline, the binding potentials obtained by the 2T5P model in the pons, thalamus, and cerebellum were 2.19 ± 0.24, 1.49 ± 0.03, and 1.15 ± 0.17, respectively (mean ± SD, N ¼ 3). At the steady state for 175 mg bitopertin, the binding potentials were reduced by five-to eight-fold to 0.42±0.03, 0.20±0.16, and 0.14±0.05, respectively. The respective occupancy values were 80.4 ± 3.8%, 86.7 ± 10.7%, and 87.8 ± 2.8%.
To assess the influence of reference region selection, occupancy was calculated for the pons, thalamus, and cerebellum using the orbital frontal, parietal, prefrontal, or temporal cortex values and compared with the results obtained using the superior frontal cortex as the reference region. The smallest difference was observed for the prefrontal cortex, where the median difference in occupancy PET study of bitopertin in healthy volunteers M Martin-Facklam et al was 0.7% (cerebellum, pons, thalamus, last day of treatment and 2 days after discontinuation pooled, N ¼ 75 [occupancy test ref region À occupancy superior frontal cortex ]: 25th -75th percentile: À 1.3 to 3.3%). The largest difference was observed for the parietal cortex, where the mean difference was 3.9% (25th-75th percentile: 1.2-6.1%). Thus, GlyT1 occupancy derived by the 2T5P model is comparable whether the superior frontal, prefrontal, orbital frontal, temporal, or parietal cortex is used as reference region.
Parametric Images
Voxel-wise parametric mapping showed that the pons, thalamus, and cerebellum were the regions with the highest V T , and that [ 11 C]RO5013853 could be displaced dosedependently by bitopertin (Figure 2 ). This is consistent with the estimates of V T derived by compartmental modeling.
Relationship Between Bitopertin Dose, Plasma Concentration And Occupancy Derived by 2T5P Model
At each dose level investigated, GlyT1 occupancy by bitopertin was similar between the pons, thalamus, and cerebellum both at steady state and 2 days after drug discontinuation. At steady state, occupancy amounted to 30% (mean, range: 19-38%), 40% (32-48%), 60% (53-67%), 74% (70-79%), and 85% (74-94%) in the three areas after 5, 15, 30, 60, and 175 mg bitopertin, respectively (two subjects, three ROIs each for 5 and 60 mg; three subjects, three ROIs each for 15, 30, and 175 mg). Two days after drug discontinuation, occupancy decreased in all dose groups, as exemplified by 46% occupancy (38-56%) for the 30 mg dose.
At steady state, the bitopertin plasma concentrationoccupancy relationship was well described by a simple E max model with an E max of B92% and an EC 50 of B190 ng/ml in the pons, thalamus, and cerebellum ( Table 2 ). The ED 50 was B15 mg.
The relationship between plasma concentration and occupancy was superimposable at steady state and 2 days after drug discontinuation (Figure 3) .
Comparison of 2T5P with SRTM and PRTM
GlyT1 occupancy was derived by the 2T5P model with arterial input function, the SRTM without arterial input function and the PRTM, which takes the region with the lowest target expression as the reference and makes a Scans without arterial line and subjects with baseline scan only were excluded.
PET study of bitopertin in healthy volunteers M Martin-Facklam et al correction of the level of binding to this region (Gunn et al, 2011) . The relationship between bitopertin plasma concentration and occupancy is shown in Figure 3 . The occupancy derived by SRTM was B2% lower than the one calculated by the 2T5P model (cerebellum, pons, thalamus, last day of treatment and 2 days after discontinuation pooled, N ¼ 75, median (occupancy SRTM À occupancy 2T5P ): À 2.2%, 25th to 75th percentile: À 5.3 to À 0.2%). The occupancy derived by PRTM was B7% higher than the one calculated by the 2T5P model (median: þ 7.1%, 25th to 75th percentile: þ 5.5 to þ 7.6%) with the largest difference occurring at an occupancy of 40-50% (Supplementary Table S3 , Supplementary Figure S4 ).
Safety
Bitopertin doses of 5-175 mg administered for 10-12 days, and microdoses of [ 11 C]RO5013853 were well tolerated with no serious AEs. No AEs led to withdrawal from the study. There were no severe AEs. All AEs resolved without sequelae, except one case of unrelated wrist pain due to arterial line insertion where the subject was lost to follow-up.
There were 38 AEs reported by 10 out of 18 subjects across all dose groups, of which 26 were considered mild and 12 moderate. In the 5, 15, and 30 mg groups (12 subjects), all eight AEs were considered to be unrelated or remotely related to bitopertin. In the 60 mg dose group (three subjects), 6 out of 12 AEs were possibly or probably related, and in the 175 mg dose group (three subjects), 13 out of 18 AEs were possibly or probably related to bitopertin. In line with the high bitopertin dose (48-fold above highest dose assessed in Phase III), there were several re-occurring AEs at 175 mg (headache, dizziness, fatigue, constipation, and insomnia). The most frequently observed AEs, considered as possibly or probably associated to bitopertin, were dizziness (one of three and two of three subjects after 60 and 175 mg, respectively) and fatigue (two of three and one of three subjects after 60 and 175 mg, respectively). After 60 mg dizziness occurred as a unique event, whereas after 175 mg dizziness was reported as a recurrent event in both subjects. Dizziness occurred at the beginning of treatment (day 1-day 4) and ceased under treatment, indicating tolerance.
There were no clinically relevant values or changes from baseline in vital signs, ECG or laboratory values.
Regional [ 11 C]RO5013853 distribution volumes observed in this study (pons4thalamus4cerebellum * putamenEcaudateEwhite matter4cortical areas, Table 1 ) are consistent with the known distribution of GlyT1 (Zafra et al, 1995; Cubelos et al, 2005) , and the first human study with [
11 C]RO5013853 (Wong et al, 2011) , as well as autoradiographic studies with other GlyT1 tracers (ie, [ (Zeng et al, 2008) , and [
18 F]MK-6577 (Hamill et al, 2011) ). SUV decreased three-fold in pons from B0.45 at baseline to B0.15 after administration of 175 mg bitopertin (RG1678) once daily, V T decreased similarly by three-fold (ie, from B2.6 to B0.9 ml/cm 3 ), and binding potential five-fold from B2.2 to B0.4). The reduction in SUV is similar to that observed in a healthy volunteer study with [ 11 C]GSK931145, where SUV was reduced from B1.5 to B0.6 after a high GSK1018921 dose. However, PET study of bitopertin in healthy volunteers M Martin-Facklam et al
GSK931145 has a high test-retest variability and the authors conclude that performance is 'at best moderate' (Gunn et al, 2011) .
Selection of Reference Region
A valid reference region should exhibit no or negligible specific binding. As shown in Table 1 , at dose levels around the ED 50 of bitopertin (5-30 mg), V T in the superior frontal cortex obtained under blocking conditions (B0.68-0.78 ml/ cm 3 ) is comparable with V T at baseline. V T is slightly lower after 175 mg (B0.61 ml/cm 3 ), and after 60 mg (B0.58 ml/ cm 3 ). The V T results were verified by a model-independent graphical analysis using the Logan plot (Logan et al, 1990) , where V T was calculated as the slope of the linear portion of the Logan plot (40-90 min post tracer injection). The V T of superior frontal cortex estimated accordingly was 0.97 ± 0.02 (mean ± SD) at baseline and decreased to 0.57 ± 0.11 ml/cm 3 at 60 mg. The decrease in V T of superior frontal cortex at higher dose levels could be due to the blocking of specific binding. We estimated the influence of the specific binding in the reference region on GlyT1 occupancy by applying PRTM (Gunn et al, 2011) . PRTM uses the BP ND of reference tissue estimated by the Lassen plot (Cunningham et al, 2010; Wong et al, 2000; Lassen et al, 1995) , assuming that the distribution volume of free and nonspecific binding (V ND ) is the same across all ROIs, and that V ND is the same between baseline and after treatments. On the basis of the Lassen plot, the BP ND at baseline for the superior frontal cortex was 0.369 ± 0.392 (mean ± SD, N ¼ 25). The occupancy values derived by PRTM were B7% higher than those obtained by 2T5P. Note that human autoradiographic studies indicate the presence of GlyT1 in cortical regions. However, GlyT1-specific binding is small in comparison with that measured in GlyT1-rich regions such as the thalamus and cerebellum .
A reduction in SUV under blocked conditions in all brain regions, including the frontal cortex, was similarly observed in other studies (Hamill et al, 2011; Gunn et al, 2011) . Although binding may be low in cortical areas, the small bitopertin binding observed may still be relevant for efficacy. Indeed GlyT1 has been found to be expressed not only in glial cells but also in neurons, particularly in glutamatergic neurons of cortex and hippocampus, whereas in more caudal brain regions it is predominantly expressed in glial cells surrounding glutamatergic synapses (Smith et al, 1992; Cubelos et al, 2005) . In addition, the increased levels of extracellular glycine in rat striatum induced by bitopertin, as measured by microdialysis (Alberati et al, 2012) , were similar to those reported for SSR504734, another GRI, where the microdialysis probe was implanted in medial prefrontal cortex (Depoortère et al, 2005) . Figure 3 Relationship between bitopertin pre-and post-scan mean plasma concentration and GlyT1 occupancy in healthy volunteers on last day of treatment in the (a) cerebellum, (b) pons, and (c) thalamus, derived by two-tissue five-parameter (2T5P) model, simplified reference tissue model (SRTM), and pseudoreference tissue model (PRTM) as well as (d) on last day of treatment and 2 days after drug discontinuation in the thalamus. Bitopertin was administered once daily p.o. over 10-12 days at doses of between 5 and 175 mg. (a, b, c): gray areas represent bitopertin dose (d): one subject receiving daily doses of 175 mg bitopertin had the third scan 1 day instead of 2 days after the last dose. Accordingly, this subject displays higher occupancy (B80%) and plasma concentrations (B1480 ng/ml) after study drug discontinuation compared with the other subjects.
Although 2T5P and PRTM find an overall comparable concentration-occupancy relationship, the slightly higher occupancy derived by PRTM is consistent with the small binding to GlyT1 detected in autoradiographic studies in cortical areas.
Bitopertin
Daily doses of 5-175 mg of bitopertin administered for 10-12 days were well tolerated. The bitopertin half-life is B2 days, thus steady state was reached at the time point of the second PET scan. The relationship between plasma concentration and central GlyT1 occupancy derived by the 2T5P model, SRTM, and PRTM exhibited an EC 50 of B190, B200, and B130 ng/ml, respectively, in the pons, thalamus, and cerebellum, and was comparable to the value observed in monkeys (100-300 ng/ml; Borroni et al, 2011) . For PRTM, the occupancy amounted to B48% after 15 mg, ie, was close to the ED 50 . E max was B92% independently of the model used.
For other psychotropic drugs (eg, quetiapine (Uppoor et al, 2008) or risperidone (Tauscher et al, 2002) ), it was shown that the duration of occupancy is longer than anticipated, based on plasma concentration. For bitopertin, however, the concentration-occupancy relationship is superimposable at steady state and 2 days after discontinuation. Thus, bitopertin plasma concentration is a reliable predictor of occupancy.
Conclusions
This PET study in healthy volunteers showed that [ 11 C]RO5013853 is a suitable PET imaging agent for the GlyT1 transporter and assessment of occupancy by a GlyT1-specific drug. The described relationship between plasma concentration of bitopertin (RG1678), a GRI, and central GlyT1 occupancy allows understanding of the concentration-occupancy-efficacy relationship of bitopertin and supports dose selection of future molecules.
